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once in a given row and also in a given column of the matrix
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HU(l) =
0
B B
@
11(l) 12(l) ::: 1U(l)
21(l) 22(l) ::: 2U(l)
. . .
. . .
...
. . .
U1(l) U2(l) ::: UU(l)
1
C C
A; (16)
where ij(l) takes the form of dijhm
l exp(j m
l ), and dij 2
f+1; 1g represents the sign of the (i;j)th element of HU,
while hm
l exp(j m
l ) belongs to the mth element of hl.
With the aid of the analysis in [5], it can be shown that
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lhl  I, where y denotes complex conjugate transpose and I
represents a U  U-dimensional unity matrix. Letting hu(l)
denote the uth column of HU(l), the variable Zul in (7) can be
expressed as [5]
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Finally, according to (7) the decision variables associated with
the U parallel transmitted data bits fb1;b2;:::;bUg of the ref-
erence user can be expressed as
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which shows that the receiver is capable of achieving a diversity
order of UL, as indicated by the related sums of the ﬁrst term.
With the aid of the Gaussian approximation and after some
arduous analysis, it can be shown that the average BER of the
STS-assisted W-CDMA system using U transmission antennas
can be expressed as
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Again, (19) shows that the diversity order achieved isLU.
IV. NUMERICAL RESULTS
In Figs. 2 - 5 we compare the BER performance of the STS-
assisted W-CDMA system transmitting over ﬂat-fading chan-
nels and that of the conventional RAKE receiver using only
one transmission antenna, but communicating over frequency-
selective fading channels. The results in these ﬁgures were all
Fig. 2. BER versus the SNR per bit, Eb=N0, performance comparison be-
tween the space-time spreading based transmit diversity scheme and the con-
ventional RAKE receiver arrangement using only one transmission antenna
when communicating over ﬂat-fading (for space-time spreading) and multipath
( for RAKE) Rayleigh fading (ml = mc = 1) channels by assuming that the
average power decay rate was  = 0.
Fig. 3. BER versus the SNR per bit, Eb=N0, performance comparison be-
tween the space-time spreading based transmit diversity scheme and the con-
ventional RAKE receiver arrangement using only one transmission antenna
when communicating over ﬂat-fading (for space-time spreading) and multipath
(for RAKE) Nakagami-m fading channels by assuming that the average power
decay rate was  = 0:2, where m1 = 2 indicates that the ﬁrst resolvable path
constitutes a moderately fading path, while the other resolvable paths experi-
ence more severe Rayleigh fading (mc = 1).
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